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JET TYPE HEAT EXCHANGER 

Field of the Invention 

This invention relates to heat exchangers. 

BACKGROUND OF THE INVENTION 

It has long been desirable to provide efficient, simple 
and relatively inexpensive fluid to ?uid heat exchang 
ers. British Patent Speci?cation No. 1,356,114, pub 
lished June 12, 1974, discloses an impingement type 
exchanger in which a plurality of tubular nozzles direct 
hot and cold air perpendicularly against opposite sides 
of an intermediate heat exchanger wall. Opposed longi 
tudinal air jets have been used to dry fabric webs, as 
disclosed in U.S. Pat. No. 3,827,639 to Belue et al., 
issued Aug. 6, 1974. 

SUMMARY OF THE INVENTION 

I have discovered that the efficiency of an impinge 
ment type heat exchanger can be greatly increased if the 
jets direct ?uid against the opposite sides of a corru 
gated transfer plate that is generally perpendicular to 
the direction of ?uid ?ow through the jets. In preferred 
air-to-air heat exchangers, slot jets on one side of the 
plate are offset relative to slot jets on the other side of 
the plate, the corrugations are perpendicular to long 
axes of the slots, the corrugations form ?at pleats the 
tips of which are rounded on a radius of not less than 
about 1/16 in. and the interior angle between adjacent 
pleat sides is less than about 10 degrees. 

DESCRIPTION OF THE DRAWINGS 

The drawings show preferred embodiments of the 
invention. In the drawings: 
FIG. 1 is a perspective view, partially cutaway, of the 

preferred embodiment; 
FIG. 2 is a plan view of a portion of the preferred 

embodiment; 
FIG. 3 is a perspective view of a portion of the 

pleated transfer plate; 
FIG. 4 is a plan view, somewhat schematic, of jets 

opposed on opposite sides of the transfer plate; 
FIG. 5 is a sectional view taken at 5-5 of FIG. 4; and 
FIG. 6 is a sectional view of portions of a modi?ed 

embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIGS. 1-5 of the drawings show a 2,000 c.f.m. air-to 
air heat exchanger, generally designated 10, comprising 
a sheet metal enclosure 12 (about 48 inches (122 cm) 
wide and 36 inches (91.4 cm) high and deep) divided 
generally in half, into a hot air side 16 and a cold air side 
18, by a corrugated vertical heat transfer plate 14. Each 
side of the heat exchanger includes a supply plenum 20, 
22, about 12 in. (30.5 cm) wide, 36 in. (91.4 cm) high and 
36 in. (91.4 cm) long, one end of which de?nes an inlet, 
designated 24, 26, respectively. Between supply ple 
nums 20, 22, and separated by heat transfer plate 14, are 
hot side and cold side return and slot jet sections 28, 30, 
each of which is similarly about 12 in. (30.5 cm) wide, 
36 in. (91.4 cm) long and 36 in. (91.4 cm) high and has 
at one end a respective outlet 32, 34. A spray pipe 9, for 
cleaning the transfer plate with steam or water, and 
detergent, is positioned along the top of each side of 
transfer plate 14. A drain pan 8 and plug 6 belowtrans 
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2 
fer plate 14 permit the removal of the cleaning spray 
and of condensates. 
The common wall 36, 38 between each plenum and 

its associated return and slot jet section includes a lattice 
defining a plurality of horizontal slots 40, each about 1 
in. (2.5 cm) wide and spaced on about 6 in. (15.2 cm) 
centers, extending substantially the full width of the 
respective wall 36, 38. Generally U-shaped pieces of 
sheet metal are mounted in the lattice work to provide 
a plurality of longitudinally extending jets 42. Five jets 
are provided in wall 36 of hot sections 16; six jets are 
mounted in cold section wall 38. The inlet 43 and outlet 
44 of each jet are rectangular and extend substantially 
the full three foot (91.4 cm) depth of enclosure 12, and 
the outlet 44 of each jet is about 1 in. (2.5 cm) from the 
nearest portion of transfer plate 14. As shown in FIG. 4, 
each jet 42 is in cross-section about 10 in. (25.4 cm) long 
(from inlet to outlet), has an inlet width (at inlet 43) of 
about 1 in. (2.5 cm), and has an outlet width (at outlet 
44) of about 3 in. (1.0 cm). The sides 46 of the jet uni 
formly converge, from 1 in. (2.5 cm) spacing, the jet 
inlet 43, to 2 in. (1.0 cm) spacing at a point 2 in. (5.1 cm) 
from the i in. (1.0 cm) ori?ce. The 2 in. (5.1 cm) wide 
portions 48 of the jet sides nearest the outlet ori?ce are 
parallel. The opposite ends of each jet, adjacent the 
inside end walls of the enclosure 12, are sealed by end 
caps 49. As shown in FIGS. 2 and 4, the jets on hot air 
side 16 are vertically offset 3 in. (7.6 cm) relative to the 
jets on cold air side 18, so that the jets on the two sides 
are midway between rather than directly opposed to 
each other. 
Heat transfer plate 14 is a thin (0.005 to 0.010 in., 

0.013 to 0.025 cm) sheet 50 of metal (typically copper, 
stainless steel or aluminum although conductive plastics 
may be used in some circumstances) the corrugations in 
which form a plurality of ?at-sided vertical pleats. The 
top and bottom of the pleats are cast into metal support 
pans 52, 54 each about 4 in. (10.2 cm) wide and l in. (2.5 
cm) deep with high temperature plastisol 55. Holes 56 
are punched in the portions of each pleat within the 
respective pans to enchance the bond with the plastisol. 
Pan 52 is ?xed to the bottom of enclosure 12. Pan 54 is 
held between a pair of metal seal plates 58 attached to 
the top and extending between the sides of enclosure 12 
with the top of the pan spaced slightly below the top of 
enclosure 12. Plates 58 engage the sides of the pan and 
permit the pan to move as sheet 50 expands and con 
tracts. As should be evident, pans 52, 54 and plates 58 
provide air seals at the top and bottom of transfer plate 
14. The sides of the plate are sealed, as best shown in 
FIG. 3, by side portions 51 of sheet 50 brought through 
the ends of boxes 52, 54 and clamped between vertical 
angle brackets 59 on the sides of enclosure 12. 
The configuration of the pleats of sheet 50 is most 

clearly shown in FIG. 5. As there illustrated, each pleat 
is 3 in. (7.6 cm) deep (tip to tip), the distance between 
the tips 60 of adjacent pleats is 2 in. (1.0 cm), and each 
tip is formed on an inside radius of i in. (0.3 cm). The 
two sides 62 of each pleat form an angle of about 3 
degrees with each other, and the distance between sides 
at the open end of the pleat is about i in. (0.6 cm). The 
total surface area of the corrugated, e.g., pleated, sheet 
is about 150 square feet (14 sq. meters). As will be seen, 
the corrugations, i.e., the tips of the pleats, are perpen 
dicular to the long dimensions of jet outlet ori?ces 43, 
and the pleat tips and jet outlet ori?ces lie in generally 
parallel planes. 
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In operation, hot air (500° F., 260° C.) is introduced 
into inlet 24- of hot air plenum 20, and cold air (40° F., 
5° C.) is forced into inlet 26 of cold air plenum 22, both 
at the rate of about 2000 c.f.m. (944 liters per second). 
The air ?ows through jets 42, exiting from the jets with 
a design velocity of about 3000 feet per minute (915 
meters per minute), and impinges on the pleats of heat 
transfer sheet 50. The shape of the pleats and the high 
velocity of the angularly impinging air together cause 
efficient heat transfer between the air and the pleated 
transfer sheet; and the thinness and high conductivity of 
sheet 50 causes good heat ?ow between its hot and cold 
sides. The jet ?ow puts large amounts of turbulent air 
into contact with the surfaces of the pleats; the angu 
larly impinging air scrubs away laminar surface ?lms on 
the pleat surfaces; and the re?ection from the surfaces 
and reduction in volume as the air penetrates deeper 
into the pleat both contribute to air turbulence. Air 
streams from adjacent slot jets collide and cause con 
tinuing turbulence as air exits from the pleat and ?ows 
to outlets 32, 34. 

OTHER EMBODIMENTS 
The heat exchanger 10' partially shown in FIG. 6 

includes a number of baf?e plates 100 mounted parallel 
to and spaced slightly from the corrugated heat transfer 
plate 14/. Each baf?e plate abuts and extends from the 
side of the outlet ori?ce of a slot jet 42'. The pair of 
plates between each pair of slot jets 42' de?nes, midway 
between the pair of slot jets and opposite the slot jet on 
the other side of transfer plate 14', a rectangular port 
102. Similar ports (not shown) adjacent the top and 
bottom of the heat exchanger are de?ned by the plates 
100 extending, respectively, upwardly and downwardly 
from the top and bottom jets on each side of transfer 
plate 14'. All of the plates and ports extend the full 
width of the heat exchanger. As will be seen, baffles 100 
control ?uid from jets 42' and force it to ?ow in close 
contact with the corrugations of transfer plate 14' from 
the jet outlets to the adjacent port 102. Such control is 
especially useful when it is desired for the output ?uid 
from the cold side of the heat exchanger to be relatively 
hot. The distance of the baf?es from the heat transfer 
plate and the width of the ports 102 will, of course, 
depend on the particular circumstances, including the 
desired back pressure between the baf?es and transfer 
plate. In the illustrated embodiment, the baf?e plates are 
about 5; in. from the heat transfer plate and ports 102 are 
about 2 in. wide. 

In other embodiments, both the structure of the heat 
exchanger and the ?uids with which it is used may vary 
widely. For example, the ?uids into the hot and cold 
sides may be different, and either or both may be a 
gaseous ?uid, i.e., a gas or vapor, other than air, or a 
liquid such as water. The temperature, density, and 
contaminant content of any particular ?uid similarly 
may vary over a wide range. In some applications, the 
?uid could be the exhaust of a ?ash freezer (about — 50° 
'F.); in others, furnace exhausts (about 1600° F. and 
toxic) would be used. Generally the temperatures of the 
?uids will be in the range of about 20 to about 500 
degrees F. 

In structure, the size of the jets will be changed as 
required to obtain the desired jet outlet velocity (gener 
ally 1500 to 6000 fpm and, typically, in the range of 2000 
to 3000 fpm) and ?uid-transfer sheet interaction, as will 
the con?guration of the pleats or other corrugations, 
the spacing between jets and the distance from the jet 
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4 
outlets to the corrugated sheet. Clean, dry and low 
density ?uids require relatively narrow pleats, small 
openings and small clearances (such as those of the 
described preferred embodiments), while wider ori?ces 
and/or corrugations (and also stronger sheet materials) 
and greater nozzle-to-nozzle and nozzle-to-sheet spac 
ing will be used in applications involving dirty ?uids 
with viscous contaminants. With water, the jet openings 
are much narrower than with gaseous ?uids, the sides of 
the jets should be insulated, and a much lower ?ow rate 
can be used. 
The width of the jet discharge ori?ce in typical gase 

ous ?uid exchangers will be in the range of l/32 in. 
(0.08 cm) to l in. (2.5 cm), the spacing between jets will 
be between 2 in. (5 cm) and 12 in. (30.5 cm), and the 
distance from the jet outlet to the sheet will be from .1; 
in. (0.6 cm) to 2 in. (5 cm). Jet spacing and distance from 
the jet to the sheet are dependant principally on the 
width of the jet’s ori?ce, the length of the throat of the 
jet, and the velocity and density of the gaseous ?uid. 
The radius on which the tips of the pleats is formed will 
be not less than about 1/16 in., and typically will be 
about é in. as in the described embodiment. 

If desired, epoxy rather than plastisol may be used to 
bond the top and bottom of the corrugated conductive 
sheet 50 in place in pans 52, 54; and when epoxy is used 
holes 56 are generally unnecessary. 
These and other embodiments will be within the 

scope of the following claims. 
I claim: 
1. A heat exchanger including a heat transfer sheet 

dividing an enclosure into a hot side and a cold side 
each having a jet nozzle for directing a jet of ?uidgen 
erally perpendicularly against the respective side of said 
sheet, said exchanger being characterized in that: 

said heat transfer sheet comprises a thin pleated sheet 
of thermally conductive material, the pleats having 
generally planar sides which diverge and form 
interior angles of not more than about 10° and the 
tips of the pleats lying in planes generally perpen 
dicular to the direction of ?ow of the jets of ?uid; 
and, 

each of said nozzles is positioned relative to said sheet 
such that ?uid of the jet from the nozzle is directed 
between and impinges of an acute angle on the 
generally facing planar side of a pleat of the sheet. 

2. The heat exchanger of claim 1 including a plurality 
of said nozzles on each side of said sheet and further 
characterized in that the jet nozzles on one side of said 
sheet are offset relative to the nozzles on the other side 
of said sheet. 

3. The heat exchanger of claim 1 further character 
ized in that each of said jet nozzles has an outlet ori?ce 
of length at least twice its width and is positioned with 
the length of its outlet ori?ce extending generally per 
pendicular to the pleats of said sheet. 

4. The heat exchanger of claim 1 further character 
ized in that the pleats of said sheet form interior angles 
of not more than about 3 degrees. 

5. The heat exchanger of claim 1 further character 
ized in that the tips of said pleats are formed on an inside 
radius not less than about l/l6 inch. 

6. The heat exchanger of claim 1 further character 
ized in that a plurality of said nozzles are provided on 
each side of said sheet, each of said nozzles has a gener 
ally rectangular outlet ori?ce, said nozzles are posi 
tioned with their ori?ces generally parallel to each 
other, the planar sides and tips of said pleats are gener 
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ally vertical, and the long dimensions of said ori?ces 
extend generally perpendicular to the tips of the pleats 
of said sheet. 

7. The heat exchanger of claim 6 further character 
ized in that each of said nozzles has a generally rectan 
gular inlet ori?ce and a generally rectangular outlet 
ori?ce of width less than one-half that of said inlet ori 
?ce thereof. 

8. The heat exchanger of claim 7 further character 
ized in that each of said nozzles is of substantially con 
stant cross-sectional arm for a distance extending not 
less than i inch upstream from the outlet ori?ce thereof. 

9. The heat exchanger of claim 1 further character 
ized in that the depth of each of said pleats is in the 
range of l to 12 inches. 

10. The heat exchanger of claim 9 further character 
ized in that said depth is about 3 inches, and the tips of 
said pleats are formed on an inside radius not less than 
about 1/16 inch. 

11. The heat exchanger of claim 1 further character 
ized in that the distance from each of said nozzles to said 
sheet is in the range of l in. to 2 inches. 

12. The heat exchanger of claim 1 further character 
ized in that a plurality of said nozzles are provided on 
each side of said sheet, the distance between adjacent 
ones of said nozzles on a said side being in the range of 
2 in. to 12 inches. 

13. A heat exchanger including a heat transfer sheet 
dividing an enclosure into a hot side and a cold side 
each having a jet nozzle for directing a jet of ?uid gen 
erally perpendicularly against a respective side of said 
sheet, said exchanger being characterized in that: 

said heat transfer sheet comprises a thin pleated sheet 
of thermally conductive material, each of the pleats 
including a pair of generally planar sides diverging 
from a rounded tip, the tips of the pleats lying in 
planes generally perpendicular to the direction of 
?ow of the jets of ?uid; and 

each of the nozzles has an ori?ce of length measured 
transversly of the tips of said pleats greater than the 
maximum width of a said pleat and is positioned 
such that ?uid of the jet from the nozzle is directed 
into a plurality of said pleats and impinges angu 
larly on the generally facing planar surfaces of each 
of said plurality of pleats. 

14. A heat exchanger including a heat transfer sheet 
dividing an enclosure into a hot side and a cold side 
each having a jet nozzle for directing a jet of ?uid gen 
erally perpendicularly against the respective side of said 
sheet, said exchanger being characterized in that: 
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6 
said heat transfer sheet comprises a thin pleated sheet 

of thermally conductive material, the tip of pleats 
lying in planes generally perpendicular to the di 
rection of ?ow of the jets of fluid; 

a ?uid flow control plate is mounted on one side of 
said transfer sheet closely adjacent and generally 
parallel thereto; 

said nozzle directs said jet through a ?rst opening in 
said flow control plate; and, 

a second opening in said ?ow control plate permits 
flow of ?uid from between said ?ow control plate 
and transfer sheet. 

15. The heat exchanger of claim 14 including a fluid 
control plate on each side of said transfer sheet and 
further characterized in that a plurality of said nozzles 
are provided on each side of said transfer sheet, each of 
said nozzles has a rectangular ori?ce extending gener 
ally perpendicular to the tips of the pleats of said sheet, 
each of said nozzle directs through a respective ?rst 
opening in a said ?ow control plate, and a said second 
opening is provided between each pair of nozzles. 

16. A heat exchanger including a heat transfer sheet 
dividing an enclosure into a hot side and a cold side 
each having at least two spaced jet nozzles for directing 
generally parallel jets of ?uid generally perpendicularly 
against one said sheet, said exchanger being character 
ized in that: 

said heat transfer sheet comprises a thin pleated sheet 
of thermally conductive material, the tip of the 
pleats lying in planes generally perpendicular to 
the direction of ?ow of the jets of ?uid; 

a ?uid ?ow control plate is mounted on said one side 
‘ of said transfer pleat intermediate said nozzles on 

, said one side, and closely adjacent and generally 
parallel to said heat transfer sheet; 

said nozzles on said one side direct jets of ?uid into 
the space between said ?ow control plate and said 
heat transfer sheet; and 

an opening in said ?ow control plate intermediate 
said nozzles on said one side permits ?ow of ?uid 
from said space between said ?ow control plate 
and said heat transfer sheet. 

17. The heat exchanger of claim 16 including a said 
?uid control plate and at least two said nozzles on each 
side of said transfer sheet. 

18. The heat exchanger of any of claims 14-16 further 
characterized in that each of the nozzles is positioned 
relative to the pleats of the heat transfer sheet such that 
fluid of the jet from the nozzle is directed between and 
impinges angularly on the generally facing surfaces of 
the pleats of the sheet. 
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